Management of primary spontaneous pneumothorax (PSP) depends on the symptoms and size of lung collapse. The British Thoracic Society recommends needle aspiration (NA) for all PSP requiring intervention, followed by intercostal drain (ICD) if NA fails. We compared the role of NA versus ICD as the first step in PSP with 'complete lung collapse'.
Introduction
Primary spontaneous pneumothorax (PSP) is the presence of air in the pleural space with no history of trauma. PSP occurs in otherwise healthy individuals with no apparent lung disease, admissions in UK for PSP in men and 564 in women, giving an admission-based rate of 8.2 per 100,000 for men and 2.5 per 100,000 for women, as highlighted by a recent large-scale UKbased epidemiological study. 4 The annual mortality rate of PSP has been quoted as 1.26 per million for men and 0.62 per million for women. 5 Recurrence rates of PSP are estimated to be up to 32%, with the greatest risk in the in the first year. 6 The first British Thoracic Society (BTS) guidelines for the management of spontaneous pneumothorax published in 1993 subdivided PSP into small, moderate and complete according to the size of pneumothorax on chest X-ray (CXR). Needle aspiration (NA) was advised as the first step in the management of symptomatic pneumothorax and/or those with complete lung collapse. 7 Revised guidelines in 2003 once again recommended NA as the first step followed by a second NA attempt prior to intercostal drain (ICD) for all symptomatic and/or large PSP (size >2cm on CXR). 8 Current 2010 BTS guidelines suggest NA followed by ICD if NA fails to re-inflate the lung. 9 However, there is variation in practice with a BTS audit in 2010 showing that 42% of all PSP episodes requiring intervention had ICD as the first step without an initial attempt to perform NA. 10 Most patients with PSP and complete lung collapse present with acute symptoms requiring intervention. NA alone may not be able to facilitate removal of air from the pleural cavity in those with complete lung collapse due to the presence of persistent air leak exceeding the catheter's ability to remove air. 11 To the best of our knowledge, there are no studies looking at outcomes in PSP with complete lung collapse. The aim of this study was to compare the outcome of first intervention (NA versus ICD) in patients with PSP and complete lung collapse.
Methods
This was a retrospective observational study of 877 consecutive pneumothorax episodes presenting to the University Hospitals of North Midlands, Stoke-on-Trent, UK between March 2008 and February 2015. After excluding secondary spontaneous pneumothorax (SSP), traumatic, postoperative and iatrogenic pneumothorax, 266 PSP episodes remained. CXR images on picture archiving and communication system (PACS) were as complete separation of the visceral and parietal pleura from the base to the apex of the pleural space associated with uniform formation of a stump (Fig 1 ) . 12 Successful lung re-inflation was defined as sustained complete or near complete lung re-expansion on CXR, and not requiring further intervention.
Statistical Analysis
Categorical variables (n, %) were analysed using Fisher 
Defi nitions
PSP was defined according to the current BTS guidelines; spontaneous pneumothorax in those aged less than 50 years and no significant smoking history (<20 pack years) or evidence of underlying lung disease clinically or radiologically. 9 Complete lung collapse was defined in line with the Spanish Society of Pulmonology and Thoracic Surgery (SEPAR) guidelines Complete lung collapse in PSP patients referred for cardiothoracic surgery from other centres were excluded from further analysis.
Of the 266 patients with PSP, 69 were identified as having complete lung collapse on CXR, of which 35 patients had NA and 34 had ICD as the first intervention. Four patients in the NA group and six in the ICD group had one previous episode of pneumothorax; no data was available regarding previous treatment modalities. There were no statistically significant differences between the two groups in terms of age, sex, smoking history and symptoms at the time of presentation (Table 1 ) .
Compared with the NA group, patients in the ICD group had a significantly better success rate (62% (ICD) versus 11% (NA), OR=12.5, p<0.0001). Thirty-one patients that failed NA required ICD and were admitted. Two patients who failed NA had further unsuccessful NA attempts (one patient had one further attempt and the second patient had two further attempts). Of the 31 NA failures, all required ICD (five patients had two ICDs and one patient had three ICDs) with 10 patients needing surgical intervention. In the ICD group, 12 patients had multiple ICDs (nine patients had two ICDs and two patients had three ICDs) of which eight patients had persistent air leak that required surgical intervention.
In the ICD and NA groups, median length of stay (LOS) (7 days (ICD) versus 6 days (NA), p=0.18) and recurrence within 1 year (3% (ICD) versus 11% (NA), p=0.36) were not significantly different. Median LOS was significantly better if NA was successful (n=4) compared with successful ICD (n=21) (1 day (NA) versus 6 days (ICD), p=0.0018). Around a third of patients in both groups (38% (ICD) versus 29% (NA), p=0.45) required a definitive surgical intervention during the same admission.
A multivariable logistic regression compared the proportion of successes in the two groups. The following confounders were included in the model based on clinical relevance and availability: age, sex, smoking, cough and chest pain. A single model was run, and all predictors were retained in the model whether significant or not. The model produced an adjusted OR of 26.4 (4.8, 142.3), p=0.0001 for first method used, with a significantly greater proportion of successes in the ICD first group.
Discussion
Despite PSP being a common presentation, there is lack of consensus between various international societal guidelines on the initial management based on the symptoms and degree of collapse on CXR ( Table 2 ).
Our data suggest that NA is less successful than ICD in PSP with complete lung collapse. Performing NA in this subgroup of patients, which is more likely to fail, results in additional invasive procedures leading to heightened patient anxiety, further radiation exposure due to repeated imaging and extra nursing / medical input. NA should still be considered first line in PSP patients who do not have complete lung collapse (Fig 2 ) as it is less invasive, simple to perform and has a high success rate leading to reduced hospital stay.
The role of NA compared with ICD as a first step in the management of PSP with complete lung collapse as a subgroup CXR = chest X-ray; ICD = intercostal drain; NA = needle aspiration; PSP = primary spontaneous pneumothorax.
Fig 2. Right sided large primary spontaneous pneumothorax
Complete lung collapse in PSP has not been studied before. Previous studies have compared the success of NA with ICD for all PSP requiring intervention (not just PSP with complete lung collapse as in our study); these studies reported no significant difference in the immediate success rate ( Table 3 ). The failure rate of NA is reported to be between 20-50% in these studies. Chan et al and Nishiuma et al reported an initial size of PSP of >40-50% being a predictor of failed NA.
, 24
Nikolic´ et al showed that all PSP patients with size >5.4 cm at the level of the hilum initially managed with NA subsequently required ICD insertion. 26 It is difficult to draw an overall conclusion from these studies because of limited patient numbers, varying study designs and treatment strategies (some studies included a second NA attempt after the first failed attempt). A systematic review comparing NA with ICD in the initial management of PSP (n=194) concluded that NA was advantageous in the initial management of PSP because of shorter hospitalisation but there was no significant difference in recurrence at 1 year. 27 Zehtabchi et al conducted an emergency medicine review comparing the efficacy and safety of NA with ICD in the management of PSP (n=270). There was no significant difference between NA and ICD in outcomes of immediate failure, 1-week failure, risk of complications and 1-year recurrence rate, but NA was associated with lower rates of hospitalisation and reduced length of hospital stay. 28 Systematic review and meta-analysis by Aguinagalde et al looking at the effectiveness of NA compared with ICD for treating PSP (n=331; 160 had NA and 171 had ICD) reported ICD to be more effective in terms of immediate success, but this effect disappeared after 1 week and did not persist in the long term. NA on the other hand reduced the rate of hospitalisation. 29 Cochrane review by Carson-Chahhoud et al compared NA with ICD in the management of PSP in adults (n=435). The review showed better immediate success rate with ICD, reduced length of hospital stay with NA and no difference in early failure rate, 1-year success rate and hospital admission rate, albeit the quality of evidence was reportedly very low to moderate. 30 A recent systematic review and network meta-analysis of 29 randomised controlled trials (n=4,262) of any treatment in PSP showed that video-assisted thoracoscopic surgery (VATS), ICD and NA had no significant difference regarding recurrence in patients with first episode of PSP. VATS and NA significantly decreased hospitalisation days compared with ICD. 31 The studies included in these systematic reviews did not look at the subgroup of patients with complete lung collapse separately, as was the case in our study.
A large multicentre Australasian randomised controlled trial is underway, comparing observation with interventional management of large (size ≥32%) PSP (A randomised controlled trial of conservative versus interventional treatment of primary spontaneous pneumothorax, www.anzctr.org.au/Trial/Registration/ TrialReview.aspx?id=336270 ). Another multicentre UK trial is comparing standard care of PSP as per BTS guidelines with ambulatory management with the use of an ambulatory device (Randomised ambulatory management of primary pneumothorax (RAMPP) trial, www.isrctn.com/ISRCTN79151659 ). Recently published data from an interim subgroup analysis of the RAMPP trial indicated that early digital air leak measurements in PSP could potentially predict future medical treatment failure. 32 
Limitations
The present study has some limitations that should be considered when interpreting the findings.
Like most of the PSP studies, the study size is small. Patient data was collected from case notes and electronic records and the results could have been affected by the omission of unmeasured confounding variables.
This study was a single centre retrospective observational study over a 7-year period, with all the known limitations of retrospective data collection. As the study was not randomised or applied by a strict protocol, treatment allocation could potentially have been a function of circumstances that could include severity and duration of symptoms, patient preference, availability of resources including trained staff at different times of the day and other confounding variables.
There is no clear cut or widely accepted definition of complete lung collapse and we used the criteria laid down by SEPAR. 12 Another limitation of the study is that the success rate is relatively hard to be defined retrospectively. Well-designed prospective randomised control trials are needed to validate these findings.
Conclusion
This study is the first of its kind to look at the success rate of NA compared with ICD as the first intervention in PSP with complete 
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